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Abstract 
This paper aims to study the co-processing of POPs (DDTs and HCHs) contaminated soil as an alternative raw 
material for sustainable clinker production. The milling system designed solely to contaminated soil was introduced 
with hot air (250-350 ć) to dry water and simultaneously vaporize POPs. The gaseous POPs was directly destroyed 
in the precalciner, while the milled soil with partly removal of organic pollutants was homogenized in a sealed silo 
and then took part in clinker sintering. According to the experiment results the moisture content reached an average 
of 0.4%, and the average 200 ȝm and 80 ȝm sieve residues were 1.9% and 19.0% respectively after grinding. 
Furthermore, clinkers and emission which were produced with contaminated soil as SiO2 substitute were monitored. 
There was no DDTs and HCHs residue both in clinkers and in exhaust, which demonstrated the success of 
eliminating organic pollutants and utilizing the soil as alternative SiO2 materials in our cement plant. 
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1. Introduction 
Nowadays the cement industry is in the process of strategic transition from the “material-intensive” 
enterprise to the “sustainable development” business, which involves not only the recycling of self-
generated contaminants, but also new approaches for environmentally sound and cost-effective treatments 
for a number of other wastes named alternative fuels and raw materials (AFR). Among all kinds of AFR 
the POPs contaminated soil which is noted for persistence, semi-volatility and bioaccumulative 
characteristics [1~4] and able to give reactive silicon or aluminum oxides has received increasing interest. 
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This paper is focused on the utilization of soil near the Han River in Hanyang/Wuhan/China which has 
been heavily contaminated with DDTs and HCHs. According to the technical guidelines for 
environmental monitoring of sites, the contaminated soil was sampled and analyzed depending on location 
and depth. The results showed that DDTs and HCHs were the main pollutants with the maximum 
concentration of 33548.137 mg/kg and 4661.463 mg/kg, respectively. The total amount of contaminated 
soil was 210,000 m3 which in turn was roughly 330,000 tons. Besides contaminants the chemical 
composition was another important element to the co-processing method of AFR. By analyzing the 
mineral composition, it was indicated that the contaminated soil can be co-processed as alternative SiO2 
materials, which contained SiO2 and Al2O3 ranging from 77.19% to 55.67% and 16.46% to 8.41%, 
respectively. The properties of the soil were similar to sandstone with a relatively steady Si/Al ratio of 7.9. 
As we know, DDTs and HCHs contain kinds of congeners and their boiling points range from 260ć to 
330 ć. Kennedy et al. manifested that DDTs would decompose completely at 825 ć [5], while Bengt 
recognized a temperature of 800 ć and a transit time of 1.7 sec were sufficient for the destruction of 
lindan and DDTs [6]. Based on the above data we co-processed the POPs contaminated soil in Huaxin 
Wuxue Cement Company. 
2. The co-process of POPs contaminated soil in cement kiln 
Currently, the pre-calcining process is the leading technology, which the gas-solid heat exchange takes 
place in a preheater/precalciner kiln system with more than 90% carbonate decomposition. The flame 
temperature in precalciner is higher than 1000 ć and the residence time upper 800 ć is 2-6 sec. The 
crude is treated thermally in the clinkerization process at bed temperature up to 1450 ć corresponding to 
gas temperature of about 2000 ć, obtaining finally a transformed vitreous material [7]. The cooling step 
of the clinker (from 1450 to 200 ć) is needed to stop the reactions and promote the calcium compounds 
final crystallization [8].  
In order to dispose the POPs contaminated soil in the cement kiln, the 250-350 ć air from cooler was 
introduced to the grinding system to dry soil and prevent water corrosion on the kiln. As the boiling points 
of DDTs and HCHs were in the range of 250-350 ć, the utilization of hot air in the mill system could 
partly vaporize the chlorinated POPs. According to the field test the HCHs and DDTs average escape ratio 
was 44.8% and 44.2%, respectively. The DDTs and HCHs vapor out of the system was transported to the 
precalciner and destroyed at around 1000 ć, while the fine soil was completely sealed and mixed in a silo, 
and finally sent to clinker sintering. The whole pre-process was under negative pressure and fully sealed, 
which completely kept the POPs from escaping to the external environment. 
3. Experimental 
Moisture determination was conducted with a Metrohm Karl Fischer titrator at 160ć and 60 ml/min 
pump flow. Analysis of DDTs and HCHs was performed using a Perkinelmer Clarus 500 gas 
chromatograph equipped with a split injector and electron capture detection (ECD) system. 
4. Results and discussion 
4.1. The effect of the mill system 
The statistical analysis on the mill system was performed from March to July 2012, and the average 
technological parameters were as follows. The inlet air was between 250-350 ć while the temperature at 
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the outlet dropped to 50-70ć. The feed rate of soil was 37.5 t/h. In this article, the grinding, drying and 
POPs vaporizing effect was measured under the above conditions.      
The fineness of the milled soil was characterized by 200 ȝm and 80 ȝm sieve residues. According to 
our plant quality control, the 200 ȝm and 80 ȝm sieve residues should be below 2.0% and 20.0% 
separately. The milled soil got 2.0%-0.4% tail-over for 200 ȝm with an average of 1.9%, and 28.1%-6.8% 
for 80 ȝm with an average of 19.0%. The coincidence for 200 ȝm and 80 ȝm sieve residues was 100% 
and 85%, respectively.  
The moisture content of raw soil before grinding was from 4.7% to 33.1%, with an average of 13.6%. 
After cooperating with the energy of hot air there was only 0.4% water remained in average, which 
completely conformed to the raw meal quality control of 1.0%. The moisture test showed that the mill 
system had a distinguishable drying effect. 
The POPs contaminated soil was sampled at the mill inlet and outlet every day during 20 days and 
analyzed for DDTs and HCHs fugacity. The results showed that the escape ratio ranged from 6.77%-
89.89% and 7.40%-81.52% for HCHs and DDTs separately after grinding. The broad percentage range 
may be attributed to the different original concentration, which needs continued monitoring and data 
accumulation to discover the general regularity. From the present statistical analysis the average escape 
ratio for HCHs and DDTs was 44.8% and 44.2%, respectively.  
4.2. Ordinary quality analysis on clinker 
Table 1. Ordinary quality of clinker after co-processing 
Sample Co-processed 
soil˄t˅ 
KH f-CaO
˄%˅ 
R2O 
˄%˅
3-day compressive 
strength˄MPa˅ 
28-day compressive 
strength˄MPa˅ 
Cl- 
˄%˅ 
Remarks
˄mill˅
1 0 0.904 1.02 0.58 32.5 57.9 - Off 
2 0 0.932 1.31 0.67 33.1 58.7 0.026 On 
3 3 0.940 1.33 0.69 34.5 58.7 0.02 On 
4 3 0.900 1.16 0.72 31.2 58.3 0.02 On 
5 3 0.917 1.22 0.71 30.1 55.0 0.02 On 
6 5.5 0.894 0.93 0.70 35.7 58.6 0.016 Off 
7 5.5 0.911 1.14 0.72 32.1 55.6 0.027 Off 
Ordinary quality testing was performed on clinker and comprised free lime, alkali, chloride content 
and strength after 3 and 28 days. The results were shown in Table 1. The principal properties such as Cl- 
and strength were similar to blank clinkers and complied with national standards, regardless of whether 
the raw mix contained POPs contaminated soil. On the other hand the KH of co-processed clinkers was 
between 0.894 and 0.940 with an average of 0.916, which was slightly higher than bank clinkers but still 
in the range of quality control (0.89-0.93). It was worthwhile to note that the alkali content of co-
processed clinkers was larger than 0.6%. The reason for this phenomenon may be attributed to the 
original alkali concentration in raw soil. In the previous site analysis, the alkali content varied from 0.72% 
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to 2.82% with an average value of 1.84%, which needs to pay close attention to the meal proportioning in 
the further work. 
4.3. The residues of DDTs and HCHs in clinkers and exhaust 
A cement precalcining kiln system owns many inherent features which make it ideal for hazardous 
chemicals treatment. The organic constituents of the POPs contaminated soil were completely destroyed 
through pyrolysis and breakdown due to the high temperature (800ć-1050ć), long residence time (12s-
15s) and oxidizing conditions in the preheater/precalciner system. As shown in Table 2 there was no 
DDTs and HCHs residue. The emission of DDTs and HCHs in the exhaust was also monitored, but none 
of them could be detected. These results suggested that no DDTs and HCHs would exist in any form after 
co-processing.  
Table 2. The residues of DDTs and HCHs in clinkers (mg/kg) 
sample Į-HCH ȕ-HCH Ȗ-HCH į-HCH p,p’-DDE o,p’-DDT p,p’-DDD p,p’-DDT 
1 N N N N N N N N 
2 N N N N N N N N 
3 N N N N N N N N 
4 N N N N N N N N 
5 N N N N N N N N 
6 N N N N N N N N 
7 N N N N N N N N 
8 N N N N N N N N 
9 N N N N N N N N 
10 N N N N N N N N 
11 N N N N N N N N 
12 N N N N N N N N 
Note: “N” means undetectable. 
5. Conclusion 
In summary, the 250-350 ć air was introduced to the mill system for contaminated soil and the 
efficiency of grinding, drying and vaporizing was tested. The results obtained in the present study showed 
that the milled soil complied well with our quality control rules. After co-processing the DDTs and HCHs 
residues in clinkers and exhaust were undetectable, which indicated the technical validity of eliminating 
organic pollutants and utilizing the soil as SiO2 substitute in our cement plant. 
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